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dimirov et al., 2003; 2008; Xiao et al., 2010]. At the late stages of its evolution (time interval from 310–300 to 280–270 Ma) the huge different mafic and felsic mag-matism occurred at the territory (Fig. 1) [Vladimirov et 
al., 2008; Khromykh et al., 2011, 2013, 2014, 2016;  
Kotler et al., 2015; Sokolova et al., 2016]. It is evident about increased thermal gradient in lithosphere and about significant role of mantle and active manifesta-tion of mantle-crust interactions. Some magmatic com-plexes may be considered as indicators of mantle-crust interaction processes.  1. Gabbro-granite intrusions. Within the Char zone (see Fig. 1) some intrusions with complicated structure occur. The feature is diversity of composed rocks – 
from olivine gabbro to leucogranites. In the studied Preobrazhenka massif in many places the specific in-teractions between mafic and felsic rocks were de-scribed (Fig. 2). They could be classified as mingling-relations (i.e. interaction of gabbro and granite magma in un-solidified conditions). Executed detail petrologic studies of rocks of Preobrazhenka intrusion [Khromykh 
et al., 2017] show that all different rocks of the massif may be divided into two groups: mafic (from olivine gabbro to monzodiorites) and felsic (from Qtz monzo-nites to leucogranites). They were produced during differentiation of different parental magmas. Mafic rocks were formed from parental trachy-basalt magma in the course of its fractionation and contamination  by crust anatectic melts. Granitoid rocks were formed as a result of melting of lower or middle-crust sub-strates under thermal effect of mafic magma. Parental   
 
GEODYNAMICS & TECTONOPHYSICS 
 
P U B L I S H E D  B Y  T H E  I N S T I T U T E  O F  T H E  E A R T H ’ S  C R U S T  
S I B E R I A N  B R A N C H  O F  R U S S I A N  A C A D E M Y  O F  S C I E N C E S  
 
 
 
 
P
a
le
o
g
e
o
d
y
n
a
m
ic
s
 
  489 
S.V. Khromykh et al.: Mantle-crust interaction… 
   
 
 
 Fig. 1
. Geolo
gical sc
heme o
f centr
al part
 of Her
cynian
 Altai c
ollision
 system
. Based
 on Geo
logical 
map of
 USSR 
(Easter
n Kaza
khstan
 series
) 1:500
000 sc
aled an
d new 
 
geolog
ical, pe
trologi
cal and
 geochr
onolog
ical dat
a. 
1 – serp
en
ti
ni
te
 m
el
an
ge
 a
nd
 o
th
er
 r
oc
ks
 o
f C
ha
r 
op
hi
ol
it
ic
 b
el
t (
Є
–O); 2 –
 sedime
nt
ar
y 
an
d 
vo
lc
an
ic
 d
ep
os
it
s 
(Є
–O–S) i
n Zharm
a-Saur 
zone; 3
 – sedim
entary 
deposi
ts and 
basalts
 (O 3–S–
D 2-3) 
in Char
 zone; 4
 – volca
nic dep
osits of
 middle
 and fe
lsic com
positio
n (D 1-2
) in Zha
rma-Sa
ur zone
; 5 – an
desites
 and ba
salts (D
3) in Zh
arma-S
aur zon
e; 6 – s
edimen
tary an
d volca
nic dep
osits 
(D 2gv) 
in Kalb
a-Nary
m zone
; 7 – te
rrigeno
us dep
osits (D
3-C 1) in
 Kalba-
Narym
 zone; 
8 – terr
igenou
s depo
sits C 1;
 9 – ba
salts an
d ande
sites C 1
; 10 – m
olasses
 with b
asal co
nglome
rates C
2-3; 
11
 – volca
nic cov
ers C 2-
P 1 in tr
oughs:
 a – an
desites
 and ba
salts, b
 – daci
tes and
 rhyoli
tes; 12
 – gabb
ro intr
usions 
(C 1?) in
 Zharm
a-Saur 
zones; 
13
 – gabb
ro intr
usions 
(C 2) in
 Kalba-
Narym
 
zone; 1
4 – gab
bro and
 picrite
 intrus
ions (P
1) in Ch
ar zone
; 15 – g
ranitoi
d intru
sions (
C 2-P 1), 
undivid
ed; 16 
– post-
batholi
th dyke
s (P 1-2)
; 17 – f
aults; 1
8 – loo
se sedi
ments 
(N-Q). 
Numbe
rs in 
circles 
– objec
ts of re
search
. Gabbr
o-gran
ite intr
usions:
 1 – Pre
obrazh
enka m
assif, 2
 – Tast
au mas
sif. Kal
ba-Nar
ym bat
holith:
 3 – roc
ks of gr
anodio
rite-gra
nite as
sociatio
n, 4 – r
ocks of
 leu-
cogran
ite-gra
nite as
sociatio
n. Rare
-metal 
manife
station
s: 5 – o
re rare
-metal 
pegma
tite dep
osits, 6
 – Chec
hek an
d Akhm
irovka 
ongoni
te dyke
 belts. 
     
  490 
Geodynamics & Tectonophysics 2017 Volume 8 Issue 3 Pages 489–493 
trachy-basalt magmas were formed from enriched mantle substrates and then the under-crust chamber  of mafic magma was formed. During cooling of this chamber and through olivine fractionation the compo-sition of mafic magma changed from olivine gabbro to monzogabbro. The first intrusion of monzogabbro to lower-crust levels excited the melting of metamorphic rocks and  appearance of anatectic melts. The interaction between monzogabbro magma and granitoid anatectic melts occurred at different levels. At the lower-crust  level this interaction led to reciprocal contamination  
of mafic and felsic magmas and manifestation of Quartz-bearing monzogabbro and Quartz monzonites. At the middle-crust level the reciprocal contamination did not play a crucial role, so the mingling- relation structures were formed. At the upper-crust level, after the solidification of intrusion the mafic magmas did not interact with granites and formed only some dykes. 2. Kalba-Narym granitoid batholith. This is one of the largest granitoid batholithes in western past of CAOB (see Fig. 1). It extends from NW to SE within Kal-ba-Narym turbidite terrane that was formed as trench along Rudny Altai – active margin of Siberian continent 
  
Fig. 2. Scheme of Preobrazhenka massif. 
1 – host rocks (hornfels on sandstones and siltstones); 2 – monzonites and Qtz monzonites of 1st phase; 3 – monzogabbro of 2nd phase;  
4 – granosyenites and granites of 3rd phase; 5 – monzodiorites of 4th phase; 6 – after-intrusion dykes of dolerites (a), granosyenite-porphyres (b); aplites (c). The blue circles indicate the revealed manifestations of the mingling relationships between monzodiorites and porphyritic granosyenites. Photos illustrate the relationships between igneous rocks. Above – nodules of monzodiorites (dark grey) and porphyritic granosyenites (light grey) in granites of the 3rd phase. Below – contact of monzodiorites and porphyritic granosyenites, out-crop and scan image from the sample.    
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in Late Paleozoic. In last few years the new geochrono-logical data were obtained [Kotler et al., 2015; Khro-
mykh et al., 2016]. They prove that the time interval of formation main volume of Kalba-Narym granitoid batholith is no more than 20 Ma (296–276 Ma). It’s formation may be divided into two stages: 1) Granodio-rite-granite association with similar to S-type compo-sition formed the main volume of batholith (296– 286 Ma); 2) Leucogranite-granite association with si-milar to A-type composition formed some large inde-pendent intrusions (284–276 Ma). Analysis of mineralogy and composition of granitoids from these two associations and composition of sedi-mentary and metamorphic rocks and also experimental data about melting of crustal protolithes allow to deter-mine the sources and conditions of formation of grani-toid magmas. It was determined that formation of gra-nodiorite-granite association (similar to S-type granites) resulted from melting of mixed metapelitic and meta-basitic substrates. The formation of per-aluminous gra-nitoids of leucogranite-granite association (similar to  A-type granites) resulted from melting of crustal me-tapelitic substrates but only under introducing of HSF-Elements and RE-Elements with juvenile fluids that  interacted with metamorphic rocks during its melting. 3. Rare-metal granitoid magmatism. The important feature of Kalba-Narym zone is a wide spread of rare-metal mineralization (Ta, Nb, Li, Be, Sn, W etc.) relating with rare-metal granitic pegmatites. The facial analog of rare-metal pegmatites are ongonites and rare-metal granite-porphyres that compose two dyke belts – Chechek and Akhmirovka (see Fig. 1). Study of miner-alogical and geochemical features of dyke rocks [Khro-
mykh et al., 2014; Sokolova et al., 2016] allows to de-termine that they were formed from highly enriched in rare metal granitic melts. The formation of such rare-metal granitic melts is supposed to occur during differ-entiation of granitic chambers of Kalba-Narym batho-lith under introducing of some juvenile fluids (enriched in F, P2O5, rare metals, etc.). The under-crust reservoir (of mafic magma probably) can be a source of these juvenile fluids. Within the Kalba-Narym zone the mani-festations of mafic magmatism are represented by some dyke belts of Myrolyubovka complex that intru-ded all granitoids. Dykes of Myrolyubovka complex are 
mainly sub-alkaline diorites and dolerites and they are enriched in K2O, F, P2O5 and some rare elements.  Geochronological data (U-Pb dating of zircons)  confirm the synchronism of gabbro-granite intrusions (290 Ma), granitoids of Kalba-Narym batholith (296–276 Ma) and rare-metal granites and pegmatites (290–285 Ma). Thus at the territory of Altai collision system the two types of mantle-crust interaction processes occurred. The direct interaction of mantle magmas with crustal substrates and anatectic melts is the first. It includes contamination of mafic magmas by crustal material, chemical mixing of different magmas with forming hybrid rocks, and also interaction of mafic and felsic magmas in un-solidified conditions (magmatic mingling). The thermal and fluid effect of mantle on crustal substrates is the second type. It includes inter-action between juvenile fluid and crustal substrates  or granites in chamber and indtroduction of some spe-cific elements that may cause forming rare-metal gra-nitoids.  Mantle activity at the territory of Altai collision sys-tem may be explained as a result of plate-tectonic pro-cesses – general relaxation and extension of litho-sphere after finish of orogeny [Xiao et al., 2010; Xiao, 
Santosh, 2014; Cai et al., 2016]. The alternative view-point is an opinion about activity of independent mant-le plumes (particularly Tarim mantle plume in western CAOB, 300–270 Ma) that caused huge different Late Paleozoic magmatism in wide territory of Central Asia [Pirajno et al., 2009; Ernst, 2014; Xu et al, 2014; Yarmo-
lyuk et al, 2014; etc]. At the territory of Altai collision system the geological evidence for both opinions are preserved. It allows to suppose that combination of plate- and plume-tectonic factors caused the observed geological structure of this territory. The accretion-collision processes were a structural factor, and Tarim mantle plume was a thermal source for different mant-le and crust magmatism and their interaction. 
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